Glucose uptake and GLUT-4 protein distribution in skeletal muscle of the obese Zucker rat.
The rates of muscle glucose uptake of lean and obese Zucker rats were assessed by hindlimb perfusion under basal conditions (no insulin), in the presence of a maximally stimulating concentration of insulin (10 mU/ml), and after muscle contraction elicited by electrical stimulation of the sciatic nerve. After perfusion, plasma and microsomal membranes were isolated from selected hindlimb muscles for determination of GLUT-4 protein distribution. Under basal conditions, rates of glucose uptake were similar for lean and obese rats despite plasma membranes from lean rats containing 82% more GLUT-4 protein than obese rats. Insulin stimulation resulted in significant increases in plasma membrane GLUT-4 protein concentration in lean but not obese rats. Glucose uptake of lean rats (35.3 +/- 4.7 mumol.h-1.g-1) in the presence of insulin was approximately fourfold greater than that of obese rats (8.8 +/- 1.3 mumol.h-1.g-1), but this difference in glucose uptake could not be completely accounted for by the difference in plasma membrane GLUT-4 protein concentration. Stimulation by contraction resulted in significant increases in plasma membrane GLUT-4 protein concentration in both lean and obese rats and similar rates of glucose uptake. These results suggest that the muscle insulin resistance of the obese Zucker rat is due to 1) a reduced plasma membrane GLUT-4 protein concentration, which results in part from an impairment in the insulin-stimulated GLUT-4 protein translocation process, and 2) a defect in the insulin-stimulated activation of this protein. However, contraction-stimulated glucose uptake, GLUT-4 protein translocation, and activation are normal in the obese Zucker rat.